Introduction
Lung cancer represents one of the most common malignancies and remains the leading cause of cancer-related deaths worldwide. 1 Non-small cell lung cancer (NSCLC) is the most common subtype of lung cancers, accounting for 85% of total lung cancer population. 2 Moreover, patients are usually in advanced stage and not suitable for surgical resection at the time of diagnosis. 3 Recently, advances in chemotherapy and targeted therapy have provided us with new treatment options for advanced NSCLC.
According to previous statistics, epidermal growth factor receptor (EGFR) gene mutations are present in approximately 17% of patients with advanced NSCLC, and EGFR-targeted therapy has achieved measurable effects in these patients.
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Xu et al EGFR-sensitive mutations compared with standard chemotherapy has been demonstrated in several prospective clinical trials. [5] [6] [7] Icotinib, an orally administered EGFR-TKI, showed potent antitumor activity both in vitro and in vivo. 8 In addition, icotinib has been approved as the first-line therapy in patients with advanced NSCLC with sensitive mutation on February 22, 2011 , by China Food and Drug Administration (CFDA). 9 The efficacy and safety of icotinib in EGFR-mutated patients has been demonstrated in a Phase IV trial. 10 Although there is a dramatic response to EGFR-TKI initially, the majority of responders will have progressive disease (PD) or even develop acquired resistance. Tumor progression has been reported in patients who previously had been treated with icotinib. 11 The presence of secondary mutations is a major mechanism contributing to the acquired resistance to the initial EGFR-TKI therapy. Among the secondary mutations, a threonine-to-methionine substitution at amino acid position 790 in exon 20 (T790M) accounts for nearly 50% of resistant tumors. Moreover, 10%-20% of acquired resistance is due to amplification of the c-Met oncogene. 12, 13 Several strategies, such as re-administration with same EGFR-TKI or changes for another, 14, 15 had been tested for treating patients with advanced NSCLC after initial EGFR-TKI failure, while the standard treatment remained to be established.
NSCLC is a highly heterogeneous disease, and multitude of cellular components and patterns of gene expression can affect patient prognosis and response to treatment. 16 This complicated nature points that multiple signaling pathways and genes are involved in the tumorigenesis and development of NSCLC. Besides EGFR, the vascular endothelial growth factor receptor (VEGFR) is another key molecular target of NSCLC therapy. 17 To avoid drug resistance and improve efficacy, dual inhibition of both molecular pathways is considered an attractive method due to the following causes. First, EGFR and VEGFR share both parallel and reciprocal downstream signaling pathways, particularly regarding angiogenesis. 18 VEGF signaling can be influenced by EGFR. 19, 20 Second, since anti-EGFR therapy works on tumor cells and anti-VEGFR therapy works on endothelial cells, dual inhibition of EGFR and VEGFR targets both tumor cells and the endothelial cells, which is supposed to be more effective. 21 Third, anti-EGFR therapy and anti-VEGFR therapy have different toxicity profiles, and the use of these two targeted drugs would potentially have fewer nonspecific toxicities than chemotherapy. 22 Furthermore, the dual approach against both VEGFR and EGFR signaling pathway has been proposed and showed the efficacy in NSCLC in both preclinical and clinical research. [23] [24] [25] Thus, we supposed that dual inhibition of EGFR and VEGFR may benefit patients with advanced NSCLC who experienced EGFR-TKI treatment failure. Apatinib, a novel small molecule VEGFR inhibitor, has been approved for treating advanced or metastatic chemo-refractory gastric cancer in China. 26 The beneficial survival of apatinib in NSCLC has also been confirmed in a Phase II clinical trial 27 that recruited 135 patients with advanced NSCLC after two previous treatment regimens. This retrospective study was designed to determine whether icotinib continuation plus apatinib could bring efficacy benefit for patients with advanced NSCLC after icotinib treatment failure.
Patients and methods Patients
We retrospectively reviewed the data of patients with advanced NSCLC who received apatinib plus icotinib treatment between February 2014 and June 2016 in Cancer Hospital, Chinese Academy of Medical Sciences. To enroll, patients had 1) pathologically or cytologically confirmed advanced NSCLC, 2) disease progression after icotinib monotherapy, and 3) Eastern Cooperative Oncology Group performance status (ECOG PS) 3. Patients with ischemic cardiovascular disease, hypertension or proteinuria were excluded from this study.
To preserve patient confidentiality and privacy, patient data have been de-identified before analysis. This retrospective study was performed based on the data from anonymized patients who received apatinib plus icotinib treatment between February 2014 and June 2016. Because of the nature of retrospective design and patient anonymization, the ethics committee of Cancer Hospital, Chinese Academy of Medical Sciences, approved the retrospective study and also determined that informed consent was not required.
Treatment and response evaluation
Patients received oral icotinib at a dose of 125 mg three times daily, initially. When the disease progressed, patients were continuously treated with icotinib at a dose of 125 mg (tid) plus apatinib at a dose of 500 mg (qd) orally. Treatment was continued until disease progression, unacceptable toxicity or withdrawal of consent. 
Patient baseline information
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apatinib plus icotinib in treating advanced non-small cell lung cancer history, tumor stage, ECOG PS, lines of apatinib plus icotinib therapy and EGFR mutation status were collected and analyzed. In addition, hematology, urinalyses, hepatic and renal function tests and contrast-enhanced computed tomography were performed at baseline, a month later after treatment initiation and every 2 months afterward.
evaluation of treatment response and adverse events
Objective treatment response was evaluated by computed tomography according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 and divided into complete remission (CR), partial remission (PR), stable disease (SD) and PD. Progression-free survival (PFS), overall survival (OS), objective response rate (ORR) and disease control rate (DCR) were analyzed. In addition, subgroup analyses were performed based on the line of apatinib plus icotinib treatment as well as the time of icotinib monotherapy failure that patients experienced. Toxicity was assessed by the National Cancer Institute Common Toxicity Criteria (NCI-CTC) version 4.0.
statistical analysis
All statistical analyses were conducted using SPSS software version 19.0 (IBM Corporation, Armonk, NY, USA). Categorical variables were presented as percentages and compared using chi-square test. Continuous variables were presented as median (range) and compared using the MannWhitney nonparametric test. PFS was defined as the period between the start of apatinib plus icotinib treatment and the date of documented disease progression or death from any cause, whichever occurs first. OS was defined as the period between the start of apatinib plus icotinib treatment and the date of death from any cause or the most recent date they were known to be alive. DCR was defined as the rate of CR, PR and SD. Median PFS and OS with 95% CI were estimated using the Kaplan-Meier method. Differences of PFS and OS between two groups were compared using the log-rank test. A p-value less than 0.05 was considered statistically significant.
Results
Patient characteristics
Between February 2014 and June 2016, a total of 27 patients with advanced NSCLC after icotinib failure received icotinib in combination with apatinib at our institute. The demographic and baseline clinical characteristics of patients are summarized in Table 1 . The median age of the patients was 63 years (range 39-79 years). Most patients were females, accounting for 55.6%. The major histological type was adenocarcinoma in 23 patients (85.2%). Of 27 patients, 24 had no smoking history. All 27 patients were in stage IV NSCLC. Most patients (51.8%) had good ECOG PS (0/1). Patients in an ECOG PS of 2 and 3 accounted for 44.5% and 3.7%, respectively. Of 27 patients, 23 were found with EGFR-sensitive mutation, while in the remaining four patients EGFR mutation was not detected. In addition, 14 of 27 patients (51.9%) were treated with icotinib in combination with apatinib as the second-line therapy, and the remaining 13 patients (48.1%) were treated with apatinib plus icotinib as the third-or later-line therapy.
Tumor response and survival outcomes
Followed up to December 2016, the median time of apatinib plus icotinib treatment was 7.47 months. During the follow-up, response was evaluated in all 27 patients. None of 27 patients achieved CR, while three of 27 patients achieved PR, with an ORR of 11.1%. Of 27 patients, 19 had SD, with a DCR of 81.5%, at the best response. In addition, five patients Figure 1 ). In addition, the efficacy of apatinib plus icotinib treatment was also compared between patients treated with these drugs as the second-line therapy and patients treated with these drugs as the third-or later-line therapy. Both median OS and PFS was not reached in 14 patients treated with icotinib in combination with apatinib as the second-line therapy, and the ORR and DCR of these patients were 7.1% and 78.6%, respectively. Patients treated with apatinib plus icotinib as the third-or later-line therapy had median PFS of 5.33 months (95% CI 0.27-8.87 months; Figure 2) , with an ORR of 15.4% and DCR of 84.6%. The median OS of these patients was not reached.
Subgroup analyses were also performed based on the time of icotinib monotherapy failure that patients experienced (6 months vs 6 months). The median PFS was 7.37 months (95% CI 4.17-8.57 months) in 11 patients experiencing icotinib monotherapy failure within 6 months and 2.60 months (95% CI 0.00-8.54 months) in the remaining 16 patients who experienced icotinib monotherapy failure after more than 6 months ( Figure 2) . No significant difference was found between them (p=0.22).
adverse events
Adverse reactions were evaluated in all enrolled patients, which are summarized in Table 2 . The most common adverse event was hypertension in 12 patients (44.4%). Other common adverse events included fatigue (37.0%), hepatic injury (29.6%), anorexia (22.2%) and hand-foot syndrome (18.5%). All these adverse events had been reported before 
Discussion
In the current study, icotinib re-administration plus apatinib demonstrated an ORR of 11.1%, a DCR of 81.5% and a median PFS of 5.33 months. The high rate of DCR and long period of PFS demonstrated that icotinib re-administration plus apatinib is efficacious for patients with advanced NSCLC after EGFR-TKI failure. In addition, subgroup analysis indicated that the efficacy of this combination was indistinctive between patients with these drugs as the second-line therapy and those with drugs as the third-or later-line therapy. Although the PFS was higher in patients who underwent icotinib failure within 6 months than those with icotinib failure after more than 6 months, there was no significant difference between them.
In recent years, many efforts have been made on managing the advanced NSCLC after initial EGFR-TKI failure. As recommended by the National Comprehensive Cancer Network (NCCN) guideline, EGFR-TKI including erlotinib, gefitinib or afatinib can be continued in patients after acquiring EGFR-TKI resistance who respond to EGFR-TKI initially and do not have multiple systemic symptomatic lesions. 28 But the efficacies of gefitinib or erlotinib rechallenge alone are moderate, with median PFS of 2.0-3.3 months, ORR of 0%-22% and DCR of 29%-67%.
14,29-32 Afatinib, a second-generation irreversible EGFR-TKI, has also been investigated as therapy for patients with advanced NSCLC who progressed during prior treatment with other EGFR-TKIs. Based on reported results, afatinib showed modest but not noteworthy efficacy, with median PFS of 4.4 months in Phase II LUX-lung 4 trial and 3.3 months in Phase II/III LUX-lung 1 trial. 33, 34 In addition, the combination of EGFR-TKI with another agent has been evaluated in advanced NSCLC after initial EGFR-TKI failure. Cetuximab, an EGFR monoclonal antibody, plus erlotinib showed no significant activity in patients with acquired resistance to erlotinib, with radiographic response of 0% in a prospective Phase I/II study, 35 while cetuximab plus afatinib showed a modest efficacy, with median PFS of 4.7 months and ORR of 29% in a Phase Ib study. 36 Further study is still needed to confirm the efficacy of cetuximab in combination with afatinib in advanced NSCLC after initial EGFR-TKI failure. Also, it is necessary to explore more effective strategy on managing these patients after initial EGFR-TKI therapy.
Dual blockade of both EGFR and VEGFR pathways is supposed to provide an additive and even synergistic anticancer therapeutic strategy. Both EGFR and VEGFR are critical signaling pathways involved in angiogenesis, and they share several common downstream signaling pathways such as PI3K and MAPK pathway. 37 The activation of EGFR by EGF can upregulate the production of VEGF in human cancer cells; conversely, EGFR blockade can inhibit the secretion of VEGF and other angiogenic growth factors. 19, 20 As described previously, the combined inhibition of multiple targets has the potential to overcome resistance to monotherapy. 38 In addition, the dual inhibition of both VEGFR and EGFR has been shown in delaying emergence of resistant tumors in many preclinical and early clinical studies. 18, 39 Based on this anticancer therapeutic strategy, EGFR-TKI rechallenge with bevacizumab in advanced NSCLC, a recombinant humanized monoclonal antibody directed against VEGF, demonstrated a higher DCR of 88% and modestly longer PFS of 4.1 months (95% CI 2.3-4.9 months) in a retrospective study. 40 In the current study, apatinib plus icotinib produced a PFS of 5.33 months in patients with advanced NSCLC, which was longer than other strategies of subsequent treatment after EGFR-TKI failure, such as initial EGFR-TKI readministration, changes for the second-generation EGFR-TKI and continuous EGFR-TKI plus cetuximab or bevacizumab. Apatinib is a small molecule VEGFR-TKI, which binds and strongly inhibits VEGFR-2. Different from bevacizumab that blocks the function of VEGF ligands/receptors extracellularly, apatinib directly targets VEGFR-2 and inhibits VEGFR-2-mediated signaling pathway intracellularly, which may exert broader effects on VEGFR as well as EGFRmediated signaling within the cells. 41 Apatinib exhibits antitumor activity by targeting endothelial cells. In addition, apatinib has been shown to inhibit tumor cell proliferation and promote apoptosis. 42, 43 These findings may support more PFS benefit of apatinib plus EGFR-TKI in the treatment of advanced NSCLC after initial EGFR-TKI failure.
No treatment-related death occurred during combination treatment. All adverse events were limited to grade 1 or 2, which were acceptable and manageable. The favorable 
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Xu et al toxicity profile of apatinib in combination with icotinib in the current study could be explained by the prompt and proper treatment on patients once adverse events were present. In case of moderate (not reaching grade 3 or 4) adverse events, patients underwent drug suspension or dose modification for drug-related adverse events, or symptomatic treatment for adverse events not related to drugs promptly, resulting in the absence of grade 3 or 4 adverse events. Furthermore, our study must be faced with several inherent limitations. First, the retrospective design and small sample size inevitably introduce some biases. Second, subgroup analysis has not been performed based on the EGFR mutation status as not all enrolled patients have been detected for EGFR mutation.
Conclusion
Icotinib continuation plus apatinib revealed a higher DCR and modestly longer PFS than previous description on EGFR-TKI rechallenge alone, changes for another agent or combined with EGFR/VEGFR monoclonal antibodies. In addition, the combination of icotinib and apatinib was well tolerated with acceptable toxicity. Furthermore, the management of adverse events during combination treatment merits more attention.
